Direct electrochemistry of spinach plastocyanin at a lipid bilayer-modified electrode: cyclic voltammetry as a probe of membrane-protein interactions.
The electron transfer reactions between a lipid bilayer-modified gold electrode and oxidized spinach plastocyanin have been studied by cyclic voltammetry, using either an electrically neutral phosphatidylcholine (PC) bilayer or a positively charged PC bilayer containing 40 mol% dimethyldioctadecylammonium chloride, at two ionic strengths of electrolyte (0.02 and 0.2 M NaClO4). Plastocyanin was found to interact strongly enough with the lipid membrane to support an efficient electron transfer reaction with the electrode. The interaction forces, and therefore the mode of diffusion of plastocyanin molecules to the electrode, which limits the electron transfer rate, could be controlled by the PC concentration. At low lipid concentrations (0-5 mg/ml), electrostatically attractive interactions between specific microelectroactive sites on the surface of the lipid membrane and plastocyanin molecules predominate, producing a radial mode of diffusion of the protein molecules to the electrode surface. On the other hand, at high lipid concentrations (greater than 5 mg/ml), interaction between plastocyanin and the lipid membrane occurs via hydrophobic forces, and a linear diffusion of protein molecules limits the electron transfer process. These observations support and extend other experimental and theoretical results which indicate two possible sites on the surface of the plastocyanin molecule, one hydrophobic and one negatively charged, which are able to participate in electron transfer reactions. We conclude that electrochemical measurements with the present system provide a new approach to the study of redox protein-membrane interactions.